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ABSTRACT

Nanocomposites based on (PU/PVC) polyurethane @d)poly (vinyl chloride) (PVC) loaded with low ¢ents
of multi walled carbon nanotubes (MWCNTS) were areg using solution casting technique. The comjuosidnd
structure of blend and nanocomposites were charaetd by Fourier transform infrared spectroscopyT(R),
Ultraviolet-visible spectroscopy (UV-Vis.) and Thragravemetric (TGA). The spectroscopic study iriditahat a
strong interfacial interaction was developed betwemrbon nanotube (CNT) and the polymer matrix hie t
nanocomposites and optical energy gap direct aditést decrease with increasing of MWCNTSs. Therstability
was studied by Thermogravimetric analysis (TGA}Jiatiid that the behavior of thermal stability werdhanced
after addition of MWCNTSs into polymer blend andiation energy calculated by two method and deaeaith
increase of MWCNTSs concentration . All results dsttawed well dispersed of MWCNTSs in polymer maitriall
weight percentages.
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INTRODUCTION

Polyurethane (PU) has attracted an outstanding amol attention due to different applications forample
thermoplastic, , biomedical devices, textiles [The structure molecular of PU can be easily tadoto meet
particular property requirements.

Poly vinyl chloride (PVC) is used in wide applicats due to their well [2].It has PVC good propestiike
chemical resistance, not absorption of moistureewatigh mechanical strength and self-extinguishilagne
characteristics. Poly vinyl chloride is processgdtbelf, so it requires incorporation of differesdditives, because
it’s little thermal stability.

Blending of PU with other polymers has been of ansiterable interest in literatures, for exampleypol
(tetramethyleneadipate), polycaprolactone, polyplene glycol-based PU[3,4]. However, few studiesadibed
blends of PU with PVC. Due to interaction betwdgydrogen bonds in both PU and PVC [5]. Adding P¥®U is
expand the characteristics of the blend to givegatibility of the blends and better mechanical erbyp By well
dispersion of the nanoparticles or tubes of narfmrain a polymeric matrices, enhancement and padoce of
nanocomposites may be can be obtained to caseseyaggplications [6].
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Carbon nanotubes (CNTSs) incorporated into the pehljenmatrices is attractive method to combine thécal,
electronic and mechanical properties for individG&ITs with advantages of the polymer[7,8]. CNTséhattention
of researchers and scientists because of theirl mewe west properties. Carbon nanotubes have ba@mdfto
display excellent mechanical, electronic, and tterproperties [9]. In view of these properties, addition
nanometer scales and high aspect ratio, they aveed as a perfect reinforcement for high strengtionomposites.
Farther more, carbon nanotubes are strongly infleeérby Vander Waal’s forces, it give more infotioa about
aggregation, thus making their dispersion in polgrteard. To create novel composites, it is impdrtargive well
dispersed carbon nanotubes in matrix. Differenthodés have been advanced for the preparation ofoearb
nanotubes-polymers: electrospinning, mixing of me#tsting of solution, in situ polymerization, asdrfactant-
assisted processing of carbon nanotubes-polym®6is [Qarbon nanotubes have been utilized broadlpaded on
polymers to create mechanically stiffer materiadd alectrically conducting at low filler concentoats[11,12].The
composites frequently exhibit further remarkablé@arcements in physical properties and electroméchlaii3].
The improved properties of these composites amngrily attributed to the Nano-scale dimension ofboa
nanotube, its structure of tubular graphitic ajabd electronic, thermal and mechanical propeifie§.The
purpose of the present study was the synthesischadacterization of PU/PVC doped with multi-wall TN
(MWCNTS).

MATERIALS AND METHODS

Polyurethane (PU) (average molecular weight of 8806argill-Dow, South Korea. High molecular weight
polyvinyl chloride (PVC) supplied by (Fluka).Tetngdro furan (THF)was obtained from Duksan chemigidlsrea)
Purified functionalized multi-walled carbon nanotsbh(MWCNTs-COOH) was supplied from NTX10, Nanothinx
Greece. MWCNTSs have a diameter of 6-18 nm and hex2fd um (purity of 88%).

PU/PVC (75:25) Wt. % blend composite was dissolve@ietrahydrofuran (THF) as a solvent’@0with continuous
stirring until 24h for complete dissolution to fommhomogeneous solution. The obtained solutiomefilend was
then cooled to room temperature for about 2 htoore any bubbles. The pure MWCNT functionalized waxed

separately with the above solution under continustising and occasional shaking in an ultrasoroc the

appropriate dispersion of these nano materialséngie THF solution of polymer blend with differexncentration
of MWCNT (0.01, 0.02, 0.04, and 0.06 Wt. %) helpgiwe a well dispersion of multi-walled carbon narme

(MCNT). After that, the films of the (PU/PVC) — MW were prepared on the glass plates using a sobasting

technique. The nanocomposites solution was puhiov@n at room temperature to evaporate the sofeerabout
72 hour.

Fourier transform-infrared spectra of the prepdilets were examined using single beam light FTIR&pmeter
(NicoletiS10, USA) at room temperature range of spectral fatmmut 4000-400 cihUltra violet-visible absorption
spectra measured in wavelength region of 200-90@sinmg UNICAM UV-Vis. Spectrometer, England to exam
the changes in structures of the samples. Shimadetmogravimetric -45H was utilized for TGA of fignA little
amount of the film was taken to the measurememt the sample heated at room temperature in to 65t tate of
10 °C min' in nitrogen atmosphere on platinum cell.

RESULTS AND DISCUSSION

3.1. Fourier Transform Infrared analysis (FT-IR)

Pure Multi wall carbon nanotubes as shown Fig.cbmprises of functional groups and the band cedtareund
3437 cm* ascribed to the OH stretching group which maytirébated to oscillation of carboxyl groups (O=C-OH
and C-OH). The peak at 2922 chis refer to asymmetric stretching of gtnd at 2855 is attributed to symmetric
stretching of CH. The absorption peak at 1735 ¢nis corresponding to C=0 stretching of COOH. Thakpat
1630 cm* can be associated with the stretching of the Chidickbone and peak at 1579 timmC=C, vibration
bands at 1420 crhand 1171 cnt are associated with O—H bending and C-O. It isegaly assumed that these
groups are located at defect locales on sidewsihse [15-17].

FT-IR spectra of the (PU/PVC) blend and its nangoosites are shown in Fig.1.b It was clearly seen tine OH
peak intensity at 3437 ¢ which shows peak in the MWCNTSs, vanishes withabldition of multi walled carbon
nanotubes in blend signified that multi walled carlmnanotubes were successfully covalently encaslilay two
layers of polymer. Polymer blend showed charadterisroad IR absorption bands at 3342 “gnwhich is
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corroborated to -NH stretching bands of polyureth@U) [18]. Peaks at 2955 chattributed to (-CH asymmetric
stretching), along with a shoulder at low wavenun860 cm® (-CH symmetric stretching). The absorption band
at 1702 assigned for hydrogen bonded C=0 and 172%ar free C=0. This split of C=0 peak observed ig. &.b
may be because presence of inter-hydrogen bondipglymer matrix. 1620 cth-NH bending vibration, 1530 ¢m
'C—C stretching. The absorption peaks at 1460,ch225 crit and 1425 ci corresponds to the alkane C-H
bending, C-N stretching and GHtretching of the blend. 1166 chiC—O stretching of urethane groups and 837
cm™ (C—CI stretching). New peaks appear for some ghisms at 1415 cit and 1171 attributed to of the
MWCNT, 1230 cm* and 1315 cit nearly disappear with increase concentration of CRhis clearly showed that
the chemical interaction between the MWCNT and p&y blend in the nhanocomposites. All these chaimgése
FTIR spectra indicated interaction of polymer blemdth MWCNT.

3.2 Optical properties

Ultraviolet—visible (UV-Vis.) spectroscopy correspts to electronic excitations between the enenggi¢erelated to
the molecular orbital of the system. All films oVis. spectra are recorded at room temperatuthénrange of
190-600 nm as shown in Fig. 2. Pure polymer blamtisamples that filled with various concentratiéMWCNT
content nanocomposites exhibit absorbance in tha-ulolet range (200-380 nm).The absorption barabaut 200
nm in pure blend was assigned te* transitions and absorption band at 290 nm waigaed tor—x* transition.
However, the observed spectra are characterizeétdebgnain absorption edge for all curves at aboGt2@ which
shifted toward longer wavelengths by about 20 nrih wicreasing MWCNT concentrations. These shiftshi@
bands indicate interactions between polymer bldrains with the nanotube surface[19].

The optical energy gap gFfor direct and indirect transitions can be defegd by these equations:
(ahv) = Bo(hv)" forhv > E, (1)
(ahv) =0 for hv <E, 2

whereE,; is the optical energy gafis a constant and r is the number which chara@eribe optical absorption
processes. It's that can take values r = 1/2: eatlirallowed transition, r=1: nonmetallic materialsd 3/2: direct
forbidden transition. r = 2 : direct- allowed trdiwn, r= 3 : indirect forbidden transition [20].

Figure 3(a) show plot of thefiv)® as a function of photon energwjhand can be use equation (1) to calculate its
direct optical energy gap and Fig. 3(b) show pfahe (@hv) as a function of photon energwjhand can be used
to calculate its indirect optical energy gap; thsulting values are showed in Table (1). It is rcfeam Figures and
the Table 1 that the indirect and direct band galpes showed a decrease with increasing MWCNT otntdis
decrease can be ascribed to the formation of defegbolymers and an increase in the degree ofdksan the
samples. These defects create localized statgsticebband gap. These overlaps are in chargeeftwation energy
band gap when concentration MWCNT increased iryrpets [21].

3.3. Thermogravimetric analysis (TGA)

TGA is used to study thermal decomposition, massgh, and thermal stability of composite materl[Fig.7
shows the TGA curves pure blend with nanocompositee heated from 36 to 650°C at 10°C/min inside a
nitrogen atmosphere. Based on the temperature eh#mgphysical state of the nanocomposites undsrgioanges
coming from a glass transition into a high-elastic viscous-flow state stepwise[23].Three majorgiveloss were
observed in every case. The initial weight-loss whserved at lower temperature may be observednzapr
weight-loss for specimens that could be due talteeemainder solvent evolution, and the secondhtéoss in the
range about 220 — 35C, for pure blend and nanocomposites, corresportditige loss of HCI from PVC and loss
of CO, from PU[24]and may be due to degradation of larglymer chains into small fragments. From 360 t0 45
°C, this weight loss can be due to burning of orgqfiase and the thermal dehydration of inorganitigbes [25].
Compared to pure blend, with nanocomposite shovigiteh stability, probably attributed to the comhireffect of
the excellent thermal stability of CNTs and theéiosg interfacial interactions with the polymer matind possible
that the formation of compact char of carbon nabpesuand polymer matrix during the thermal degradais
beneficial to the improvement of thermal stabilitythe composites. It is very important to indicétte extent of
interaction between MWNTSs and polymer blend witghar dispersion could lead to an increased thestadility
with the composite system is compatible the results
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Determination of the activation energy
Moreover, the thermodynamics activation parameatéthe main decomposition process in the secondadet¢jon

region of the present samples can be calculated) tsio different methods:

3.3. i -Coats - Redfern method
Coats - Redfern method is a typical integral metéwod can be represented in the following form[26]:

lOg{w} = |ogi[1_£} - 0_4343 3)
T AE,|” E, RT

Where, T is absolutely the temperature in Kelvia,i&the activation energy in J/mol, R may be thizersal gas
constant (8.3136 J/mol K), and also the fractiooamfversion §) for a weight-loss.

By plotting the dependence gf|og{_|09%_a)} versus£00 for each sample, we obtained straight lines. Then,
T

the obvious activation energy are determined frtopes of these straight lines using:

E.= 2.303R x slope 4)

(@)
Pure MWCNT

Absorbance

T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber cm™

Fig. 1: FTIR spectra of (a) pure MWCNT (b) (PU/PVC)with different concentrations of MWCNT
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Fig. 2: UV. Vis. Spectra of (PU/PVC) with differentconcentrations of MWCNT
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Fig.3: TGA thermograms of (PU/PVC) with different concentrations of MWCNT

Table (1) the values direct, indirect band gap oftical energy gap and percentage crystallinity withdifferent concentrations of MWCNT

Sample (PU/PVC) with MWCNT | Eg (eV) | Egq (eV)
(Wt. %) Indirect direct

0.00 4.11 4.23

0.01 4.01 4.07

0.02 3.95 4.01
0.04 3.8¢ 3.8¢
0.0¢€ 2.91 3.01

Table (2) the values of activation energy of (PU/P®) with different concentrations of MWCNT

(PU/PVC) Coats — Redfern method| Broido method
MWCNT (Wt. %) (KJ/mal) (KJ/mol)
0.00 250.09 237.125
0.01 228.52 227.25
0.0z 218.9¢ 212.8(
0.04 213.0¢ 207.7:
0.06 211.89 197.71

3.3. ii. Broido method
Broido introduce a model to evaluate the activatoergy associated with second stage of decomposising
equation[27]:

nfn O]=()2+c ®

Y is given by y=2= We (6)

Wi— Wy
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where, Y is the fraction of the number of initiablacules not yet decomposed; Wt- the weight attamg t; Weo-

the weight at infinite time (= zero) and Wi- thetia weight. A plot of In [In (1/Y)] vs. 1/T givean excellent
approximation to a straight line. The slope is tedato the activation energy. Values of the appaeetivation
energy (E) of the samples by two methods are listed in Tébje

From the table, calculated of the activation enetggreases with increasing of CNTs contents indictttat CNTs
intensively affect the polymer and agreement wétsuits of optical energy gap of UV-Vis.

CONCLUSION

FTIR of the nanocomposites, shows shift and disappé some bands, with the increase in MWCNTs weigh
percentage in the polymer. It's indicates a googisial entanglement between the constituents asallgl the
interaction between the MWCNT and composites. Ug-\éhow shift of the peaks towards longer waveleiagid
the values energies gap were decreased with inecge®BVCNT due to interaction between nanocomposit€sA
analysis indicated that the use of MWCNTSs signiftbaenhancement the thermal stability induced ighhthermal
conductivity of MWCNTSs. which suggested the funotiized MWNT substantially affected both amorphaus
crystalline structure in the polymer matrices. tilear the activation energy calculated from TGArdasing with
increasing of MWCNTs. The homogeneous dispersiomMWNTs through the polymer matrix at reduced MWNT
loading and existence of strong interfacial adhesietween MWNTs and polymer matrices lead to thgaificant
enhancement of overall material properties of tR&)/PVC)-MWNT nanocomposites. From these results, th
PU/PVC-MWCNT nanocomposites.
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